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INTRODUCTION
Fish fanning has been proposed as a means of
supplementing natural marine and fresh-water
productivity, in order to diminish food shortages.
It represents one of the most intensive animal
husbandry industries in existence. Under the proper
circutnstances density per unit water volume under
aquaculture strategies greatly exceeds those found
in the natural environment. As the density of
animals per unit volume of water increases there is
a concomitant need for increased energy input to
the culture system through supplemental feeding.
The close confinement of large nurabers of fish
provides circumstances under which stress is a
common phenomenon and the transmission of
diseases is relatively easy.
Fish farm developments have impacts on the
environment. Prior to assessing impacts, it is
necessary to be able to identify and quantify inputs
and outputs. Fish aiming, like all other forms of
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Lime and fertilizers are commonly used in fish farming to increase pH of Pond soil and water and to increase
alkalinity and hardness, reduce hurnie acid content and to initiate primary and secondary productivity. Devastating
effect of lime on environment is likely to be minimal. In the case of fertilizers, over utilization of this agro-chemical
could impair water quality as phytoplankton bloom become excessive which consequently raises BCD.
The use of Therapeutants in aquaculture was discovered to be more popular in Europe and North America than in
the tropics (Africa). Commonly used therapeutants include antibiotics and antimicrobials. For fish pathology
chemicals like formalin, potassium permanganate, Dipterex and malachite green are widely in use. Effluent from
farms where these chemicals are commonly in use can distort the aquatic ecosystem.
The changes in water quality, aquatic community structure and productivity caused by intensive aquaculture are
typical of the impacts of pollution from a wide variety of sources like sewage, agricultural run-off and effluent
discharges from industry.
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production including agriculture, uses resources , for
instance land, water, materials for construction are
all necessary. There are also outputs, not only the
fish that is being produced but also excesses
chemicals the rapeutants (Agrochemicals), uneaten
food, faeces, and other waste products.
FISH FARM INPUTS
Agrochemicals for Fish Production
There is little published data on the quantities of
chemicals and drugs used in western aquaculture
(I3everidge et.al., 1991) and even less is known
about the types or quantities used in the tropics.
Chemicals include compounds deliberately
employed in the hatchery (to induce spawning,
control stickiness of eggs, determine sex), to
improve productivity (lime & fertilizers) control
pests (pesticides , insecticides , herbicides ,
mulluscides, piscicides), treat or control diseases
(fungicides, paraciticides, disinfectants), control
fouling and pacify fish during handling
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(anesthetics) as can be found on Table 1.
Others, particularly materials used in construction
of tanks or mceways, may inadvertently teach hito
the aquatic environment. Few antifoulants are used
in fresh water cage on net pen culture especially in
tropical freshwater envirmunents (Beveridge,
1987).
Lime and Fertilizers
The most important in ternis of quantities used are
lime and fertilizers. Lime increases the pH of pond
soil and water, inereases alkalinity and hardness,
reduces hunde acid content in the water and
generally improves benthic and phytoplankton
production. Quantities used can be large, up to 2-3
t/ha during production ;cycle. Adverse effects of
liming on the environment, however are likely to
be minimal even when ponds are unduly leaky
(B everidge, 1984).
Fertilization of fish ponds, especially with nitrates
and phosphates is often initiated to induce
phytoplankton bloom which provides food for
certain life stages of aquaculture animals and for
the production of zgoplankton and benthic
organisms that can be preyed on by the cultured
species. Most fresh waters respond well to
approximately 50kg/ha of 16-20-4 (percentages of
nitrogen, phosphortis and potassium or N-P-K,
respectively) fertilizer, although in soils where
potassitun levels are sufficiently high, good results
can be obtained with 16.20.0. The optimum rate of
fertilization varies from one region to another
because of innate differences in soil chemistry and
the concentrations of nutrients dissolved in the
water.
Most pond farmers in the tropics use fertilizers,
types and amount being determined by cost,
availability and intensity of culture. Fertilization
plays a 'major role in determining water quality
(Boyd, 1979). Over fertilization may lead to
impairment of water quality. In the latter case the
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high level of photosynthesis that occurs with
photoplaaktou bloom may become excessive, with
oxygen depletions resulting because of
concomitantly high respiratory demands.
Therapeutants
Although a very large number of therapeutants has
some application in aquaculhire, farmers tend to
rely on a fairly small number of compotmds, in
part because of ignorance of what is available, but
also partly because of costs and in Western Europe
and North America because of legislation (Michael,
1986). Evidence from recent tropical fish diseases
workshops SUggests that the number of
therapentants used in the tropics may be more
limited than in temperate countries, although there
are some differences, particularly where antibiotics
and antimicrobial are concerned. Again the range
and quantities used in tropical inland culture differ
from those nsed in mariculture (Brown, 1989).
Whilst traditional, plant-based compounds have
long been employed in the treatment of fish
diseases in the tropics, the most common
therapemants in use today are formatin, potassium
permanganate. Dipterex and malachite green.
Typical concentrations are given in Table 2.
Repeated treatments are necessary in many typ e.,s of
infection. Chemical treatment IllaY be by bath.
direct application (injection) or administration in
food and what is not absorbed/metabolised by the
fish is released into the environment. Bath
treatment i.s the most common method for dealing
with parasites. As far as can be determined these
compounds are usually allowed to soak away
through the soil once used. Although large valuable
fish sueltas broodstock occasionally may be treated
in tanks, chemicals are usually added directly to
ponds.
Table 1: Chemicals used in Aquaculture
Source: Beveridge, Phillips and Clarke, (1991).
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Types
Therapeutics
Cororaents
Pesticides (e.g. neguvon, formalin
malichite green).
Vaccines.
Hormones (e.g. methyltestosterone
LHRH HCG)
Anesthetiics
(e.g. MS222,benzocaine, CO2)
Pigments
(e.g. synthetic carotenoids)
Disinfectants
(e.g. iodophore, compounds
hypochlorite)
Water Treatment Cheraicals
Oxidi7ers (potassium
penmanganate)pH regulators
(Lime)
Herbicides & Algicides (e.g copper
sulphate)
Pesticides (e.g. dipterex)
Predator control (tea seed cake,
rotenone)
Antifoulants e.g. tribu-
Plastic Additives e.g. stabilizers,
pigments UV absorbers tyltine,
copper
Widely used although
many are formalin,
controlled by legislation in
the west
Several commercially
available for salraonid
salmonid diseases
Widely used in Carp &
Tilapia hatcheries
Widely used in small
quantities
Used in Europe under
revision
Widely used
Uncommon, Acid used in
inflows
Widly used
Used in cage and pen nets.
Control predators in
shrirap ponds.
Used in cage and pen nets.
Present in plastics and
styrofoam. hatcheries
Table 2: concentrations of chemicals used in the control of tropical .fish. diseases
*Unless bath treatment for fungi. such as saprolegnia, when concentrations of 65-70ppm are more typically
employed
Source: Beveridge and Philips (1991),
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Agent Concentration (ppm) Use
Formalin 25 - 100 Widely used for control of Protozoa and
ectoparasites
Potassium
KMnO, Pernergerate 15 - 30 Bacteria, Protozoa, ectoparasits
Malachite green 0.1 - 015 Widely used for control of fungi. protozoa and
extoparasites
Diperex 0.25 - 2.5 Control of extoparasi es (e.g. Dactylogyrus.
Cvrodatvlus)
Antibiotics are not commonly employed in tropical
freshwater fish farming although they are used
occasionally to treat broodstock particularly in
Asia. They are rarely added to feed but tend to be
administered by injection.
Outputs from Intensive Fish Production
One of the principal sources of aquaculture wastes
is Agrocheraicals.
The impact of aquaculture effluent is determined
both by the nature of the effluent and where and
how it is discharged. Laws dealing with the
discharge of water from fish farms are to be found
in most countries (van Houthe et. al. 1989). Prior
authorization for the discharge of any waste into a
receiving water body is required, the authorization
either being incorporated into the
grant/license/permit to fish farm or granted
separately.
Lime and Fertilizer
Aquaculture effluent characteristically have low
levels of these wastes. Nevertheless, even the
waters drained prior to harvesting can have
significandy higher levels of Sediments,
Biological Oxygen Demand (BOD), Chemical
Oxygen Demand (COD), total phosphorus and total
ammoniacal nitrogen than the receiving streams
(Boyd, 1978). Because it is important that the size
and quality of the receiving waters be taken into
account, legislation in some countries is directed at
controlling the water quality of the receiving
waters rather than at controlling effluent quality.
There have been little or no studies on the
environmental aripact of these aquacultural
cheraicals in the tropics. Studies in the temperate
regions have shown that the discharge of wastes
from fish fastas that have been limed and fertilized
can cause measurable changes in the water
chemistry of ihe receiving bodies (Munro et. al.
1985, Phillips et. al. 1985; 1986). The principal
effect on running waters is to increase ammoniacal
nitrogen and phosphorus concentrations
immediately downstream of the discharge.
Although carbon is usually present in excess in
freshwater systems, increase in nitrogen and
phosphorus, one or oth.er of which tends to limit
productivity in fresh water (OECD, 1982; Rast et.
al., 1989), will lead to eutrophication. A general
increase in algal densities may thus result.
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Cyanobacteria and other species tolerant of high
P:N ratios are likely to become dominant and such
shifts in phytoplankton community structure will
have implications not only for water qualities but
also for autotrophic food webs.
Changes in the benthic etwironment immediately
downstrewn from land based fish farms as a result
of settlement of solid wastes have been noted
(Mexican and Phillips, 1985, Nature Conservancy
Council, 1991). The extent of waste settlement is
dependent upon particle size and density, as
governed by Stoke's Law, although in shallow
exposed lake or reservoir sites, resuspension and
dispersion may reduce accumulation.
These sediments are richer in P, N and C levels
than natural sediments and bacterial decomposition
of organic matter can result in anaerobic conditions
within a few millimeters of the sediment surface
(Alabaster, 1982, Enell and Lof, 1983). Under
completely anoxic conditions, it is possible that
112S could be evolved. Whilst this has not been
reported from freshwater sites, enhanced release of
ammonia and phosphorus has been observed (Eire11
and Lof, 1983). Release of gases is enhanced by
bioturbation caused by the high numbers of
pollution-tolerant macro invertebrates that occur.
Eutrophication can also bring about increased
production and changes in the macrophyte and
natural fish communities structure. Evidence to
date shows that freshwater fish farming activities
can cause increased growth rates araong the natural
fish community, in part because of ingestion of
uneaten pellets (Kilambi et. al. 1976).
The changes in water quality, aquatic community
structure and productivity caused by intensive
aquaculture are typical of the impacts of pollution
from a wide variety of sources (Sewage,
agricultural rwaoff, etc). Intensive methods of fish
farming can be expected to cause comparable
changes in tropical environments given that the
wastes will be broadly similar and that productivity
in tropical environment is also limited by light,
phosphorus and nitrogen levels. However, the
response of tropical systems may be more rapid,
given the difference in ternperature. It should be
reiterated, however that intensive fish farming
methods are not yet coramon in the tropics to
effect such changes in the environment.
Therapeutants and other Chemicals
There have been little or no studies on the effect of
these compounds (Formalin, potassium
permaiaganate and malachite green) on the pond
ecosystem although it is known that most are toxic
to aquatic life. For example formalin is toxic to
algae at around 0.7-4 ,2ing/1 and to zooplankton at
a.round 5mg/1 (Bringmarin and Muni 1980), while
the concentrations used in ponds are typically 25-
100mg/1 (Table 2). Although it is generally
assumed that the chemicals used breakdown rapidly
in the pond environment, there is little specific
information on decomposition rates or breakdown
products, on the quantities absorbed by pond
sediments or the possibilities for tran.sfer of
chemicals to crops if pond sediments are removed
(Beveridge et. al., 1991).
There have been some studies on organophosphate
inseeticideDip terex(2 , 2 , 2 , -trichloro-l-hydroxyethyl
phosphate) which has been widely used in
aquaculture sirice 1961 to control ectoparasites and
predatory insects and to reduce the number of large
zooplankton in fry ponds. Although this compound
is known to be highly toxie to fish, it is believed to
be rapidly hydrolized in under tropical pond
conditions pH 7.5; 25-30C (Ellis, 1974).
The uptake, distribution and elimination of
therapeutants are determined by species, the
formtdating, physical and chemical characteristics
of the therapeutant, composition and environmental
factors (Rasmussen, 1988). Elimination can take
anything from a few days to a few months. There
have been few studies relevant to tropical species
or culture conditions. In a comparison of antibiotic
accumulation and elimination in tilapia and
rainbow trout tissues, Miller (1984) found that
levels were highest in liver and lowest in muscle
tissues. Among the tilapia all residues were
eliminated within 96 hours while by comparison,
levels in rainbow trout tissues were still detectable
144 hours after administration. Differences are
largely attributed to diffeiences in temperature
(27C for tilapia, 6-8C for trout). Research
leading to information on elimination times for
tropical species are urgently required since
ingestion of residues of many antibiotics can have
serious side effects as indicated in Table 3.
Losses of therapeutant administered in feed occur
both as a result of leaching and feed losses.
Leaching of oxytetraeycline from food has been
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shown to be dependent upon temperature, pH and
pellet surface area : volume ratio, with up to 20%
being leached in 15 minutes (Miller 1984).
Studies of hormones coromonly used in tropical
fish farms, such as methyltesterone, have shown
that they are completely eliminated
from the animals body, although it takes several
weeks (Jolmstone et al, 1983). This is of some
concern considering recent experimental work on
the use as growth promoters.
Antibiotics
Little is known about the fate of unused autibiotics
or their effect on the environment. Obviously, the
potential exists for the antibiotics to affect
adversely natural bacterial communities. Studies of
freshwater salmonid farms by Austin (1985) have
shown decrease in bacterial numbers in effluent
during chemotherapy. Moreover, it can take niany
weeks tbr uompounds such as oxytetracycline
breakdown, depending upon temperature, oxygen
and light levels (Jacobson and Berglind, 1988,
Samuelson, 1989). It has been clearly established
from studies in Japan and elsewhere that th.e use of
antibiotics in tiquaculane has caused an increase in
drug resistance anto.ug many of the important
groups of pathogenic fish bacteria (Austin 1985,
Michael, 1986, Aoki. 1988).
In many bacteria, drug resistance is catried on
R plastnid, circular pieces of DNA containing both
a replication and transmission gene. The R plasmid
is transferred to daughter cells during cell division
but may also be transferred to other bacteria during
conjugation. The R plasraids in Vibrio and
Pasteurella piseicida isolated from cultured
Japanese fishes have been found to harbour various
combinations of resistance markers to
chloramphenicol, streptomycine, tetracycline,
ampicillin, sulphonamides and trimethoprim
(Michael, 1986, Aoki, 1988).
Little or no studies of drug resistance among
fish pathogens have been carlied out in the tropics.
However such strains undoubtedly exist and
research in this field particularly in Nigeria is
urgently needed. While Oxytetracycline is probably
one of the niost widely used antibiotics, anecdotal
evidence suggests that virtually all antibiotics
includiug chloraraphenicol, which is regarded as
the ultimate protection against human enteric
pathogens such as Salmonella typhae, are in use.
There are also risks of transfer of resistance from
fish pathogens to bacteria, such as Escherichia col i,
harboured by man.
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Table 3: Summary of toxic effects and nutritional hazards associated with the use of antibiotics in
(modified from Michael, 1986 by Beveridge and Blip, 1991)
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Drug Undesirable Effec s
on fish Acute
toxicity
Other Effect Persistence of
Resi-dues
Risks for human beings
Kanamycin
Chloramphenicol
Oxytetracycline
Erythromy-cine
Sulphonami-des
Trimethropri or
onnetroprin
Nifurpironol
Furazolidone
Quinoleones
Liver and Icidneys of
adult trout
Rare
-
_
-
Rate
Individual
Intolerance
Oxolinic acid has
subacute toxicity for
ayu
Growth retardation
after prolonged
treatment
Growth retardation
sterility, immuno-
suppression
Reversible
nephrotoxi-eity
Sterility and
nephrotoxi-city after
prolonged use
_
_
_
8-10 days
48-72hrs
15-20 days
60 days
48.72hrs
8 days
15 days
48hrs-5wks
10 days
72 days
Allergies and neurosen-
sory disorders (internal
ear)
Bone marrow aplasia
Digestive
disorders
Rare allergies
Hepatorenal disorders
Leukopenia, allergy.
Carcinogenic?
Digestive disorders,
allergy.
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